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(54) Catalytic gas sensor 

(57) A catalytic gas sensing element 
comprises an inert metal base, such as 
a coil of platinum or platinum- 
containing wire 10a, a catalyst support 
comprising a coating 14 of titanium 
dioxide, and particles of catalytic metal 
16, such as palladium or a palladium 
alloy, supported by the titanium oxide 
coating. The titanium oxide coating is 
preferably formed by deposition from 
the vapour phase by decomposition of 
titanium tetrachloride, either with the 
help of oxygen or of an aliphatic alco- 
hol. Alternatively, the titanium oxide 
can be applied in suspension with an 
organic binder which is subsequently 
removed by heat 
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SPECIFICATION 
Improved catalytic gas sensor 

5 This invention relates to catalytic devices for use as gas sensors in apparatus for gas detection and analysis 
The escape of gases such as hydrocarbons, carbon monoxide and hydrogen presents a considerable 
hazard in petrochemicals plants, coal mines and oil and gas production facilities. The only suitable method 
of detection presently available depends on the catalytic oxidation of any flammable gas > present in the 
sampled atmosphere. The detecting element usually consists of a small metal co.l. which acts both as a 
10 heater and a sensor, embedded in a bead of a refractory oxide such as alumina orthona. This ox.de is 

impregnated with a salt of a catalytically active metal. Combustion of the vapour of any hydrocarbon present 
causes a rise in temperature of the detecting element. j„,i moo „ 
In orderto obtain a signal which is tolerably independent of temperature, such gas detection dev.cesare 
usually operated under conditions where the rate of oxidation on the catalyst depends on the rate of 

15 diffusion of the react^^ 15 
amount of catalyst at a temperature high enough to ensure thatthe rates of adsorption, surface reaction and 

"T^^^c sensors lose activity after prolonged use at high temperatures or after 
operatTon "gas-rich atmospheres. This may be due to agglomeration of crystallites of the active component 

20 o?to breakdown of the refractory oxide support caused by thermal shock. The atter mode , o dee* vation Is 20 
helped by the fact that, using conventional methods of deposition of the refractory metal ox.de which 
involve the thermal decomposition of a water-soluble precursor of that ox.de, a poor bond is formed 
between the base metal and the oxide. . . awe 

The present invention is directed to theprovisionof a newandsupenor sensing element which displays 

25 ca talytfc gas detectors, desirable efficiency, mechanical strength and thermal shock res.stance. Acatelyjc 
oa i sensing element in accordance with this invention comprises an inert metal base, usually in the form of a 
wire col a catalyst Support comprising titanium (IV) oxide {titania) coated on the metal base, and a catalyt,c 
metal supported by the said titania coating. . U L.j MAS ! te j ft „ 

Forthe purpose of the present invention, it is particularly preferred that i the titan.a should be ^deposited on 

30 the metal base from the vapour phase by the decomposition of titanium (IV) chlonde. The metal co.l is 30 
Dreferably heated to a temperature in the range 500-1000°C. „„.«, m ,j 
Tn a first variant of the vapour deposition process, titanium (IV) chloride vapour and oxygen are passed 
overtheheTeT^ 

Td utedwthanfnert 35 
35 urbulence ^ound the metal to be coated. In a second variant, the vapours of ^t, amum (IV) 35 

chloride and an aliphatic alcohol such as methanol are passed over the heated meta The gas i stream 
preferably includes an inert gas, for which purpose nitrogen is suitable, and opt. onal ly also mmom a^The 
titanium chloride end the alcohol are conveniently introduced .n separate mert gas or ammon.a streams and 

mixed in a reactor containing the heated metal. ..... h „. An 

40 An alternative method for the deposition of the titania catalyst support ^^XS^MkT' 
preferable by electrodeposition, of a "paint" or suspension of pigment grade titania (anatase or rut, le) ,n a 
Squid medium or vehicle containing an organic binder. The vehicle is removed by evaporation and the 
binder removed when the coil is heated. The titania may consist of substant.ally spher.cal particles havmg 
diameters in the ranae from 0.1 to 0.4u (100 to 400 nm). 

45 45 

after a pre-treatment of the wire. It should also be corrosion-resistant and have suitable ^nd predictable 
temperature/resistance characteristics. For enhanced long term stability it is preferred that the w e and the 
Stalys support should have similar thermal expansion properties. Especially f f bl "[ e P' at ' n t u h m ,^ 8 
and al?oys, such as platinum itself, a platinum-rhodium alloy, or a platinum pallad.um alloy bu the , use of 
■ so complex base metal alloys such as iron-chromium-aluminium-yttrium is also contemplated .f they have 50 
suitable temperature coefficients of resistivity. ..... „,ir» «f m«»raii 

A oreferred form of metal base comprises a free-standing co.l of platinum - containing wire of overall 
diamete?0 5 1 0 Z end overall length 0.5-1.0 mm consisting of 6-10 turns of 0.025-0.050 mm wire, upon 

which is deposited the catalytic support. i„*r«,..«uiii«fthfl 55 

■M TheactivemetaldispersedofthesupportcoatingispreferablyanoblemetalofGroupVlllofthe » 

MendelerT^bTeofde^ 

to 26% of The weight of the catalyst. Especially preferred is platinum or palladium, or a platinum - Pallium 

metals coDDer rhodium, erbium, osmium and cerium. It .s preferred moreoverthat the (noble) metal 
60 paSs Thoufd havL dimeters ranging from 1.0 to 50.0 nm, with the most frequently observed d.ameter 60 

b T e i 0 yl1ca1| 2 yac n tlve metal should be uniformly deposited on or distributed in the support coating and is 
preferably deposited in the form of a dilute aqueous solution of one or more of its compounds or ot 

65 Tp^^S 65 
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or a compound of platinum, or a mixture of compounds of platinum or palladium, or a mixture of 
compounds of either palladium or platinum and one of the metals copper, rhodium, erbium, osmium and 
cerium, drying the titania so impregnated and calcining this product by contact with helium gas or a 
methane - air (7% v/v CH 4 ) mixture at high temperatures (400 - 600°C). 
5 The devices obtained by the process described may be used to catalyse the oxidation of gases such as 5 
carbon monoxide, hydrogen and many known hydrocarbons {particularly methane) which are encountered 
in industrial environments. Such oxidation reactions conventionally are carried out at temperatures in the 
range 200 to 600°C. The catalytic elements are of superior performance as gas detectors by virtue of the fact 
that they are mechanically extremely strong, behave repeatably towards a range of flammable gases and 
10 have enhanced stability in the presence of an atmosphere may be either rich in the flammable component or 10 
contain little of the same. 

In the accompanying drawings Figure 1 A and B are respectively side and end views of the base structure 
of a catalytic gas sensor; 1 
Figures 2 A and Bare side and end views of the structure of Figure 1 coated with titania in accordance with 
15 the invention; and ^ 
Figure 3 is a cross section of a single turn of wire in a catalyst of this invention. 

The structure shown in Figures 1 A and B is a wire coil 1 0, the ends 1 1 of which are extended and terminate 
in spot welds 12 on supports 13. 

After being coated, the structure has the appearance shown in Figure 2, where the coil is covered by a 
20 coating of finely crystalline titania 14. 20 

The titania-coated structure then receives a deposit of the catalytic metal, and the finished sensor when 
sectioned has the appearance shown in Figure 3. The wire 1 0a forms a core which is surrounded by a thin 
oxide coating 15 on the wire, the titania coating 14 and a surface coating of the catalyst particles 16. 

The following examples illustrate the application of titania to base metal supports in the course of 
25 preparation of catalytic gas sensors according to the invention and the application of noble metals to titania 25 
supports. 
Example 1 

Titania was deposited on a coil of the metal base according to the following procedure. A coil of 0.025 mm 
platinum wire consisting of six turns of the same was mounted within a spherical reactor of 500 cm 3 

30 capacity. The reactor had provision for the mounting of several such coils and for the introduction and 30 
venting of a gas stream. Such a gas stream was composed of a mixture of carefully dried oxygen and helium 
which had been bubbled through a reservoir containing liquid titanium (IV) chloride. 

The platinum coil was electrically heated to mean temperatures within the range 500 to 1 000°C by the 
passage of a current from a constant resistance circuit Thus, a pre-mixed flow of helium and oxygen 

35 (oxygen flow 100 mis min"" 1 ; helium flow 0- 100 mis min" 1 ) was bubbled through a reservoir of titanium (IV) 35 
chloride, the temperature of which was thermostatically controlled. This gas stream was thence led into the 
reactor. After a period of time, between one and eight hours, but usually two hours, a suitable bead of titania 
had formed around the coil. The titania so produced was in its rutile modification and consisted of fine 
crystallites, 1 to 4ji in diameter. 

40 In a similar example, argon was substituted for helium. 40 
Upon such a titania bead, a catalytic metal was deposited according to the following method. A solution of 
palladium (II) chloride in very dilute hydrochloric acid ortetrammine palladium (II) chloride in water was 
prepared having a palladium content such that the application of 1 microlitre of the solution to the bead 
deposited material resulted in a metal loading of 2 to 15 percent by weight. After a conditioning process in 

45 which the impregnated bead was heated and exposed to a mixture of air and methane, its suitability as a gas 45 
sensor was ascertained by placing the device in an atmosphere containing 50% of the lower explosive limit 
(LED of gases such as methane, hydrogen, butane or carbon monoxide and measuring the electrical output 
of the device (in volts) as the applied current is increased (the initiation current) is an approximate measure 
of the catalytic activity of the bead whilst the output voltage reflects the sensitivity of the device to the gas. 

50 Example 2 50 
Titania was deposited on a coil of the metal base according to the following procedure. The coil was 
mounted in a spherical reactor according to Example 1. Into the reactor was introduced separately a stream 
of nitrogen containing titanium tetrachloride vapour and a stream of either nitrogen or ammonia or nitrogen 
containing ammonia also containing the vapour of an aliphatic alcohol such as methanol. Vapours of the 

55 alcohol and the titanium compound were introduced into the gas streams by bubbling the gas through 55 
thermostatted reservoirs containing these compounds. For example, a nitrogen stream containing titanium 
(IV) chloride vapour (100 ml min" 1 ) was introduced to the reactor together with a stream of ammonia gas 
containing methanol vapour (100 ml min"" 1 ). On raising the temperature of the coil to 590 ± 40°C, a suitable 
bead of titania (in its rutile modification) was deposited on the metal base after fifteen minutes. 

60 In a further example, a stream of nitrogen containing titanium tetrachloride (100 ml min~ 1 ) was introduced 60 
to the reactor together with a stream of ammonia in nitrogen (1% volume/volume ammonia) (100 ml min" 1 ) 
which also contained methanol. On raising the temperature of the coil to 795 ± 15°C, a bead was produced 
after 20 minutes running. This bead, as formed, was black in colour but subsequent heating in air produced a 
typically white bead or rutile. 

65 The titania beads produced by these methods were impregnated with the salt of a precious metal as 65 
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indicated in Example 1. 

Example 3 . . , , . ., 

Titania was supported on a base metal coil (19} turns of 0.037 mm platinum wire) which itself was 
supported on woven silica, available as Refrasil, according to the following procedure. A paint consisting of a g 
conventional water-based emulsion system with a dispersed organic polymer and containing titanium 
dioxide in the form of pigment grade anatase or utile was placed in a stainless steel container. This 
container was connected to the anode of a variable voltage supply, the metal coil being connected to the 
cathode. On the passage of current, a deposit of paint was produced on the metal coil. Deposition voltages 
required were within the range 60 - 170 v and deposition times were in the range 60 - 240 seconds. After 1Q 
washing the coil with distilled water to remove excess titania, the organic charge - carrying resins were 
decomposed by passing a current through the paint-coated wires. Thereafter, the residual titania was 
impregnated with a precious metal salt as indicated in Example 1. 

When titania sensors made in Examples 1 and 2 were exposed to 50% LEL of a number of gases and their 
responses measured, they compared favourably with sensors made from alumin.a and thor.a. Thus, in Table ^ 
1, are shown the initiation currents and the bridge outputs, for a range of gases at a concentration of 50% LEL 
in air, when current - voltage curves were measured for pairs of sensors with the bridge balanced at 1 80 mA 
for each pair. 

Table 1 Comparison of Response of Titania Gas Sensors with the 

Response of Similar-Sized, Conventional Devices 20 
20 (a): means results for Pd/A1 2 0 3 -Tho 2 sensors, 
(b) and (c): results for Pd/Ti0 2 sensors. 
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35 

35 m Table 2(a) and (b), results are given which show the results of gas tests on Ti0 2 -based devices made 
according to Example 3 when compared with similarly constructed sensors based on A1 2 0 3 and Th0 2 . 

Table 2 (a) Sensitivities (mVat2O0 mA) to a Range of Gases 
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Table 2 (b) Current (mA) at which Sensor Responds to 50% LEL Gas 
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Although the Tables disclose some Inevitable varitions in results, it is clear from Table 2 (a) that the Ti0 2 
devices are at least equal to and usually substantially better than Th0 2 with respect to ChU and CO. 

In Table 2 (b), the more sensitive the device, the lower the current at which the sensor responds to gas. In 
eight out of eleven cases the Ti0 2 sensors are more sensitive than the corresponding devices with Th0 2 . 
5 Sensors made according to Example 1 also compare favourably with Th0 2 -A1 2 0 3 supported devices. This 5 
is shown by the following Table 3 in which the initiation current and bridge output of theTi0 2 devices of 
Example 1 are compared with commercially available pellistors. It will be seen that the Ti0 2 devices are 
substantially more sensitive (lower initiation current) than the TH0 2 -A1 2 0 3 devices to all the gases except 
CO. 

10 10 

Table 3 Comparison of Response ofTitania Gas Sensor with the Response ofPd/A1 2 0 3 • Th0 2 Pellistors 

Initiation Current (mA) Bridge Output (mV) 

15 ri^ i a \ /h\ in\ Ml t*\ ffi Pg* (a) (b) (c) Id) (e) (f) 15 
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25 Pe Refers to the results for several commercially obtainable Pd/A1 2 0 3 -Th0 2 pellistors. 

Pe* Response obtained under conditions wherein access of the gas to the device was restricted, 
(a) - (f) Refers to similar devices based on Ti0 2 without built-in restrictor. 

30 30 
CLAIMS 

I . A catalytic gas sensing element comprising an inert metal base, a catalyst support comprising 
titanium (IV) oxide coated on the metal base, and a catalytic metal supported by the titanium oxide coating. 

35 2. A gas sensing element according to claim 1 in which the inert metal base is a coil of 35 
platinum-containing wire. 

3. A gas sensing element according to claim 2 in which the inert metal base is a free-standing coil of 
overall diameter 0.5 - 1.0 mm and overall length 0.5 - 1.0 mm consisting of turns of wire of 0.025 - 0.050 mm 
diameter. 

40 4. A gas sensing element according to any of claims 1 to 3 in which the titanium oxide is vapour-phase 40 
deposited. 

5. A gas sensing element according to any of claims 1 to 3 in which the titanium dioxide is in the form of 
substantially spherical particles with diameters in the range 100 to 400 nm. 

6. A gas sensing element according to any of claims 1 to 5 in which the catalytic metal comprises one or 

45 more of the noble metals of Group VIII of the Mendeleev Table and constitutes from 0.5 to 25% of the weight 45 
of the catalytic element. 

7. A gas sensing element according to any of claims 1 to 6 in which the catalytic metal is palladium, or a 
palladium-platinum alloy in the proportions of 3:1 to 1:3 or a mixture of palladium with up to 10% of copper, 
rhodium, erbium, osmium or cerium. 

50 8. A gas sensing element according to claim 6 or 7 in which the catalytic metal has a particle size in the 50 
range 1.0 to 50 nm. 

9. A method of making a catalytic gas sensing element by coating an inert metal base with a catalyst 
support layeY comprising titanium (IV) oxide and thereafter depositing a catalytic metal thereon, wherein the 
titanium oxide coating is deposited from the vapour phase by decomposition of titanium (IV) chloride. 
55 10. A method according to claim 9 in which the titanium chloride vapour and oxygen are brought into 55 
contact with the heated metal base. 

II. A method according to claim 9 in which the vapours of titanium chloride and an aliphatic alcohol are 
brought into contact with heated metal base. 

12. A method according to claim 10 or 1 1 in which the vapours are diluted with an inert gas. 
60 13. A method according to any of claims 10 to 12 in which the metal base is heated to 500-1 000°C. 60 
14. A method of making a catalytic gas sensor by coating an inert metal base with catalyst support layer 
comprising titanium (IV) oxide and thereafter depositing a catalytic metal thereon, wherein the titanium 
oxide layer is formed by applying to the base a suspension of pigment grade anatase or rutile in a liquid 
medium containing an organic binder, removing the liquid by evaporation and heating the coil to remove the 
65 binder. ^ .65 
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15/Amethod according to Calm 14 In which the base Is immersed in the suspension andtheoxide 
I?'. ASSrgaTLsormadeby amethodaccordingtoanyof 



